Methods and materials
A social network analysis of the interactions between members' and a qualitative content analysis of a whole year's communication of a public Facebook group for Swedish speaking persons (1310 members) with perceived brain fatigue after an illness or injury to the brain were performed.
Results
The results showed how members use social media technology and Facebook as a means for communication and support for their condition. Individual group members showed very different patterns of communication and interactions. However, for the group as a whole, the most frequent topics in their communication were related to informational support and banter in posts, and socialization in comments. The findings also showed that the majority of members only communicated with few other members and had few direct communications. The most used communication feature of Facebook was likes in form of "thumbs-up". PLOS 
Introduction
One of the leading causes of disability in many developed countries is brain injury [1] . Mild Acquired Cognitive Impairment (MACI) is a term used to describe persons with non-progressive Mild Cognitive Impairment (MCI) acquired from a brain injury. They can have multiple cognitive (e.g. memory impairment) and/or somatic (e.g. headaches, fatigue) in addition to mild physical disabilities and their access to rehabilitation services to improve their affected skills is limited [2] . One approach that can be considered for further developing treatment of MACI is information and communication technology (ICT) and based on previous findings from Sweden [3] , the most used types of ICT services are communication services. In Sweden over 70,000 persons suffer from brain injuries every year and the most common causes are stroke and head injuries [4] . About 80% of these persons suffer from mild impairments [4] . A serious illness affects various aspects of an individual's life such as communication, selfcare, social relationships, employment and mobility [5] . A person with a chronic condition is in great need of different kinds of social support on a long-term basis [6] . Previous research has shown that social networks in general may improve disease management for persons with chronic conditions, suggesting that online social networks have a great potential to improve health care [7] [8] [9] [10] . Therefore, one of the biggest benefits of online social media is social support.
Internet and social media
The use of the Internet and especially social media as a means for communication has increased over the past decades [11] . Social media has changed how health consumers and health care providers communicate [11, 12] . McGowan and coworkers have shown that the use of social media in health care may be an efficient way to share up-to-date medical knowledge with others within a community and improve the quality of patient care [13] . Due to the increase of interest in online social support, many researchers have been investing in understanding the contents, motivations and the effects from their use and the interest in interactive consumer health technology applications has also increased [14, 15] .
Today, gaining knowledge and sharing experiences with others in similar situations are common phenomena in social media. Based on the results of a national survey that we have conducted recently, one of the most important types of support for persons with mild brain injury is communication services and especially "social interaction and relationships with families and friends" [3] . Sweden is one of the top countries among European individuals. According to Eurostat, in 2016 about 94% of Swedish households have access to the Internet and 91% of the population use the Internet at least once a week [16] .
Facebook is the largest social networking site in the world with 1.65 billion monthly active users on average from which about 92% access it through mobile devices [17] . Generally, people use Facebook as a means for communication with relatives and friends and other people with similar interests [18] . For people with common interest, the group function is useful to share their opinions and communicate on the topic or purpose of the group. Users can join or create new public or private groups and post or share content on the group's wall. The group's privacy settings are controlled by ''administrators" who have the ability to manage the content in addition to invite or approve the membership of new users. The content of public groups is visible to any user of the Internet even to any non-Facebook user.
Social media for supporting patients with mild acquired cognitive impairment
Communicating with people in similar situations is helpful to cope with daily life as it reduces feeling of loneliness and isolation when dealing with a rare condition [19] . Generally, sharing experience of having the same condition as informational support in addition to socializing seems to be beneficial for persons with chronic conditions [20] . There is a socializing need for persons with MACI but since performing physical socializing requires so much energy due to problems with concentration and loosing track in a conversation, social activities appear to be more difficult in real-life situations. For persons with MACI, physical socializing decreases after brain injury and people get lonelier but the need to socialize still remains [21] . Therefore, social media would be an ideal solution since its use can be regulated depending on the individual's condition and at one's own pace. The long distance between individuals with MACI may hinder face-to-face conversations but the online communication would ease general accessibility and increase inclusiveness [22] .
Today, many disease-specific groups exist on Facebook, people share various health issues in this platform [23] . and it became popular as a support-seeking-providing tool for patients with breast cancer and HIV [24, 25] . For persons who are dealing with their situation by themselves, in addition to socializing, social media could be used for gaining knowledge from others as well as sharing experiences [26] . These kinds of social interactions among persons with a similar condition could also be beneficial for the social well-being of persons with MACI. Based on our previous research, the amount of persons with MACI who use Facebook is rather remarkable despite the reported cognitive problems [3] . Given the higher risk for a significant decrease in their friendships and social support and due to the large number of persons with mild brain injury, providing face-to-face social support may be problematic as a result of limitations in mobility, access, or communication. Therefore, online support groups may be a particularly useful alternative for these individuals [6] .
Despite the potential value of online support, very little is known about how people with different health issues use Facebook groups and there is a lack of research examining social networking sites in the context of MACI [27, 28] . To our knowledge, no studies on the use of Facebook groups as a means of providing social support for persons with brain injuries have been published. This study aims to explore how persons with potential MACI, specifically persons with brain fatigue after brain injury communicate through Facebook, to classify the content of the communication and to visualize the frequency and types of interactions.
Methods and materials
The main methods for this study were content and social network analysis of communication within a Facebook group for Swedish speaking persons with brain fatigue after brain injury.
All content of the Facebook group's timeline between September 1, 2014 until August 31, 2015 was collected. In October 2015, the group consisted of 1310 members. To reduce the ratio of potential missing data in the collected data set and to avoid seasonal effects on individuals' behavior, the time window was set to a whole year [29] . The data was collected from users' interactions in the group such as posts, written comments to posts or acknowledged "likes" to posts.
The researchers collecting the data presented themselves in the Facebook group as "researchers who would observe the group". Individual informed consent was not acquired as the data was collected retrospectively. The approval of the study was obtained from the Regional Ethics Review Board (EPN) in Stockholm (2015/1284-31/5 October 01, 2015). The Regional Ethics Review Board (Regionala etikprövningsnämnden-http://www.epn.se/) has the task to vet cases within the field of medical science (medicine, pharmacology, odontology, the science of health care and clinical psychology). The secretariats of the regional boards are situated at the different universities in Sweden.
Data collection
In this study Netvizz v1.25 was chosen as the data collection software. Netvizz is a Facebook application (data access via the Facebook API) that allows researchers to collect anonymous data from open (Public) Facebook groups [30] . The data collected by Netvizz was obtained in comma separated value (CSV) file and graph data file (GDF) format. This data collection was performed without any interaction with the Facebook group's members and no attributes from the participants´Facebook profiles (e.g. name, usernames, email, gender, etc.) were collected. Regarding the anonymization and to have unique identifiers, the participants were given automated anonymous Ids by the data collection software. The CSV files contained the texts and symbols in the posts and comments. The GDF files had tables with relational data on the members´involvement in communicative-interactions.
Data analysis
Content analysis. To understand the members' contributions to the Facebook group, contents of the posts and comments were analyzed using a direct content analysis approach in which the initial starting categories and definitions for the themes were retrieved from literature (Table 1 ) [31] . The content analysis began with repeated reading of all posts and comments by the first and second authors. Basically the content was categorized into social supports and others. For social supports the posts and comments were grouped based on the initial codes retrieved from typology by Cutrona and Suhr's [25, 32] . The five broad categories for social support according to the Social Support Behavior Code (SSBC) developed by Cutrona and Suhr are defined as "informational", "emotional", "esteem", "network", and "tangible support" [32] . Table 1 shows the Cutrona and Suhr definitions for social support categories.
For other categories, the initial codes were retrieved from the Gaysynsky et al. study about analyzing a Facebook group for young adults living with HIV [25] . The definitions for other categories are shown in Table 2 . During the content analysis process additional categories emerged that were classified by the authors of this paper. (Table 3) In addition to the posts and comments, the likes were counted. Furthermore, the context of a particular post or comment (i.e. content that precedes or follows the message of interest) was used to interpret the intention of the message, categorization and to see if the group member was seeking or providing support.
Microsoft Excel was used as a tool for organizing and coding the collected data. The first and second authors performed the analysis process and validated (to evaluate the correctness of the assigned categories) through discussion with the other authors.
Social network analysis. One method for measuring relations, associations and flows between different information and knowledge entities that can reveal patterns of the activities within social media groups is social network analysis (SNA) [33, 34] . Generally, a SNA map consists of nodes (persons) that are linked to show the relationships and flows (information) between them.
A social network analysis was performed to analyze and visualize the distribution of the group members' involvement in information exchange. In the Facebook group, participants are conceptualized as actors (nodes) and their comments and likes to each other's posts are incorporated as the relations between them. In a social network, the nodes with more relations to others, are less dependent and more influential. Therefore, they may have alternative ways to satisfy needs [35, 36] . The number of nodes that are in relation with one node, is defined as degree centrality and the number of interactions (comments on, or likes to posts) with each node is defined as weighted-centrality. Also, the comments and likes around the posts between two unique nodes are defined as edges. In this study, the location/degree centrality of nodes is evaluated and visualized to provide an understanding of the network and its members. Table 2 . Definitions of other categories according to [25] .
Other categories Definition
Expressions of gratitude Thankfulness to another member of the group or the group as a whole. Table 3 . Definitions of additional categories as defined by the authors.
Additional categories Definition
Advertising Indirect or direct advertisement.
Questions Questioned asked within the group which could not be coded according to any other of the codes.
In order to provide the drawing of social network graphs as well as calculations of social network concepts, Gephi 0.8.2 beta software was used. Gephi is an open-source software that provides the opportunity to interact with the graph drawing algorithms [37] . Gephi provides several force-directed algorithm alternatives and visual representations of the data. The decision on choosing the graph drawing algorithm is a subjective task but it is advised to try all of them to be able to present the most comprehensible graph [38] . For constructing and to be able to modify the density of the visualization setting of the graph, the ForceAtlas2 algorithm was used. This algorithm was continuous and it was stopped when relatively stable and clear patterns were perceived.
Results
During the data collection the contents that appeared on the Facebook group's timeline oneyear period were collected. 
Content of the communication
Content analysis was applied to all posts and comments. Table 4 shows the incidence of the main interaction categories for posts and comments.
The majority of posts (57%) and comments (62%) were categorized as different types of social support. From 362 posts in the social support categories, most of them (72%) and a large amount of comments (43%) were peer to peer exchange of "informational" social support. Only 17% of social support posts were seeking support and 40% were providing support. Regarding the other categories, "banter" in posts and "socializing" in both posts and comments were the most frequently applied codes (excluding self-comments) ( Table 4) .
The informational social support comments and posts were mostly about the members' health related problems or sharing an experience of having a health condition and strategies about how to deal with it (Table 5) . Despite clinical differences, expressing their experiences made them feel less alone since they had a common empathic feeling. However, in some cases, the group members lacked the required medical knowledge to address specific questions or issues (such as adequate medication). In general, the group platform had an open learning atmosphere. As shown in Table 4 , advertisement and negative interaction were quite rare in this group. The members had very few posts and comments coded as negative interactions (e.g. benefits of narcotic drugs).
Frequency and types of interactions
The social network analysis provided a clear visualization of how members were connected in this group and the nodes were divided based on their level of connectivity (number of connected nodes) (Fig 2 and Table 6 ). In this study only direct connections between different Post by A: "I have chronic headache / stress headaches and has had it for about 6-8 years. Do you know any doctor in Sweden who is good at heads and its problems? Would do anything now to get some help!"
Comment by B:"I have had migraine that was so powerful that the stomach contents came up. Not had a single attack the last 5-6 years, but however, never had a doctor who helped me. I got help from a physiotherapist, three treatments were enough:) The best thing I have done:)" Comment by A: "The exercise is good but at the moment, it does not work. Needs nothing and is being taking care of one by one. First examined the heart to rule out that it was because of it, since a spirometry was made on Friday and then they said it is asthma. . . " Post by A: "I felt good today despite the rain and bad weather. Wish me such a good day tomorrow also thanks ÃÃÃ Then we were 2 Ã fixed both my makeup and had lunch with a friend, but know that tomorrow will not be as good. But hope one can."
Comment by B: "Happy for you that you felt good yesterday. Although the morning did not start so well, so the afternoon can get better. :) Otherwise, you try to enjoy the peace and quiet today. As long as you get it." Comment by A: "Thank you! my whole family is a fine support. But it is most mother who helps me in different ways. :)" (Continued) 
nodes were considered and based on their interaction types, different groups of nodes were identified (Figs 3, 4, 5 and 6). Table 6 shows the division of nodes based on the level of connectivity and different interaction types. In this Facebook group only 18 nodes had more than 100 connections and most nodes were sparsely-connected to 3-10 other nodes followed by single and intermediate- connected nodes (Table 6 ). Also the nodes with higher degree centrality differed regarding their types of contributions (posts, comments and likes) compared to some of the single, bi and sparsely-connected nodes who had mainly a liker or a commenter personality. As shown in the Fig 2, the graphs generated from the social network analysis were very nested and the edges between different nodes were difficult to distinguish. However, the density element was not high (0.011 in 0-1 range representing the complete connectivity between the nodes) due to incomplete connectivity within the whole group members. This also showed that only a few nodes were in contact with many others and there were many nodes who were only communicating with one or a few others. To understand the nature of active nodes' contributions to the group, and different personalities, nodes that had the most contacts in the very well and well-connected categories were marked in the graphs as A-R. Also two other nodes who had an interesting behavior were marked as x and y (Fig 2) . The node x was an intermediate-connected node who just made comments and likes towards others without having any posts. The node y's contribution to the group was only likes. Table 7 shows the details of active nodes' contribution to the group. The social network analysis showed that the active nodes had their own single-connected followers in addition to other multi-connected nodes (Fig 9) . During identification of the most connected nodes, to understand the interaction between other nodes, the very well-and well connected nodes were removed to apprehend the network with less active nodes (Fig 10) . As shown in Fig 10, the network between single, bi, sparsely and intermediate nodes is also pretty dense even without active nodes.
In this group, three different types of nodes were identified. The nodes who mostly post in the group, nodes who get into conversation by commenting on the posts and others' comment, in addition to nodes who just like others' posts and comments. However, the majority of the nodes (43%) were identified as commenters and likers during the data collection period.
According to Table 7 , A, B and C nodes had the highest number of posts in the group in addition to having the highest degree centrality and weighted-centrality in the group (verywell-connected nodes) and as shown in Fig 9, i.e. they have been in contact with a much larger part of the network than the others. Although A, B and C had published the highest amount of posts, they did make highest number of comments and likes per individual. However, they mostly responded to other nodes' posts than their own published materials. The M, x, D and L nodes made highest amount of comments excluding self-comments. Despite having a small size in the graph, the node M was the most frequent commenter in the group. The x node was chosen to be among this sample due to having the high number of comments but no post or like contribution to the group. This node was only addressing other nodes by responding to already published content instead of posting to the whole group. The most frequent likers in the group were M and y. Regarding receiving comments and likes in posted content, the most frequent receivers of comments were, in order, nodes C, A and H. The node H, was the second most frequent receiver of comments by having very few posts in the group (Table 7) . Fig 11 shows that many of the most frequent producers and receivers of comments or "likes" were communicating with each other. The thickness of the lines between different nodes shows the edges between them. This figure shows that the information exchange between M and A was the most frequent in the whole network. Interestingly the node H was communicating with a group of single-connected nodes which were not in contact with other active nodes. Furthermore, the exclusion of the active nodes (A, B, C, D, H, M, L, x and y) also resulted in a highly nested network (density 0.007) demonstrating a good communication within the network.
With the intention of getting deeper into the active nodes' contributions, the top posters and commenters were selected to analyze the semantics of their posts (Table 8) , and made and received comments without considering self-loops (comments on their own posts) ( Table 9 ). Most of the post (except "Emotional support") were providing support.
Bearing in mind the nodes with the highest number of published posts (A, B and C), their contributions were the most liked in the network and they typically responded to posts from other members. Moreover, in addition to making the highest number of likes, these nodes received the highest number of likes in different support categories. Remarkably, A and B had fewer informational posts than other active nodes in addition to the whole group. Also the C node had a similar amount of posts in different category to the whole group. Regarding influential posts, the H node had a few seeking emotional support posts which received the highest amount of comments per post in the network. None of the active nodes were involved in negative interaction. Also the most frequent commenters' (M and x) contribution to the group had a similar theme to the whole group overall comments' categories. Moreover, the C node received the highest number of comments in the "Socializing related" category.
Discussion
The results of this content and social network analysis concerning persons with brain fatigue after acquired brain injury showed their capacity of using Facebook as a means for communication and support for their condition. However, the lack of data about the participants' cognitive and general health problems as well as the insecurity about the real identity of persons behind Facebook profiles, needs to be considered.
Indicating the same pattern as other studies for typical Facebook users, the members of this Facebook group acted similar as other Facebook users in general by using features such as likes on posts (as the most common communicative interaction) followed by comments and publishing posts [39, 40] (Figs 3, 4, 5 and 6 ). Group members used posts to address the general public, and comments, to address specific group members. Obviously, the interaction patterns were dependent on the Facebook platform features, thus, the results would not show how this group will use other types of social media such as Twitter, YouTube etcetera [41] .
Based on the results (Table 4 ) and specifically the number of likes per posts, providing any type of support in posts and comments was appreciated by the group members. Similar to other online forums for patients with other health conditions, informational support was a common contribution [33, 42] . In addition to providing informational support, banter in posts, and socialization in comments were also quite popular (Table 4) . Usually, the informational support would be beneficial for all members and non-members of a group (even the ones who are not a member of the same group) [20] and the provider, will be encouraged and supported by other members' likes and comments. Regarding the access to information about health, the results replicated the findings by Bunner et al. showing social participation as common reason to use social media for individuals with traumatic brain injury [20] . In this groups, the amount of socializing, non-verbal cues, expression of gratitude and offering congratulation showed that members would appreciate the contact with people in similar situations. Furthermore, the publicness of the group was discussed between group members and some of the members indicated that it should be public to improve the understanding of their condition the among general public. This preference shows social media (in this case Facebook) could be a means to provide a better understanding of persons with specific clinical conditions for the general public in addition to all other potential benefits for its' own members.
Based on the results (Figs 7 and 8) , the degree centrality and weighted-centrality followed a long tail distribution, indicating that the majority of members only communicated with few others and had few direct communications. Bearing in mind the likes and comments per posts, the results also showed that the popularity of active members was dependent on the frequency of communications. Obviously, the members with a higher number of posts had higher degree centrality and weighted-centrality in the network. This finding is in line with other studies on Facebook groups over 1000 members [43] . Unfortunately, the Facebook platform does not show passive members' activities within the group. In addition, the comment on comment feature on Facebook was not activated during the time of this study.
The results also showed different patterns in content and interaction of a few active individual members of this group. Considering the association of different personalities with self-disclosure and social orientation [44] , the members showed different personalities in terms of liking, commenting and publishing posts. However, since we did not have access to their clinical data, no conclusion can be drawn regarding phenomenon being due to the brain injury or a personality trait. Generally, in a real-life support group, these active attention-seeking individuals could take up a lot of space, monopolize other people's time and use the group for their own purposes [45] . However, in our study removing the active members resulted in a nested network of interactions indicating that if a member did not like one or more active members, they could easily interact with other members and ignore active members and their contribution. Facebook as communication support for persons with potential mild acquired cognitive impairment Table 7 . The numbers of post, comment, likes, connected nodes and directed interactions for selected nodes.
Nodes Posts Made comments

Made comments excluding self-comments
Despite the association of the content analysis results in our study with previous research, none of them focused on different categories in posts and comments nor the number of likes per category. Given the popularity of Facebook for different persons with special health conditions, our methodology could provide a new way to get deeper into unexplored social media features.
Certainly, social media (in this case Facebook) would be a great means of communication and social support for helping persons with MACI. Moreover, most of them with basic knowledge of using ICT tools would be able to use this medium easily on different devices.
Implication/trustworthiness and patients' advocacy
Since social contact decreases after cognitive disturbances [21] , persons with brain fatigue after brain injury appreciate the information support in communication. This might have an association with the general use of social media which has to be followed in further research. However, it has been known that patients suffering from a mild brain injury show a lower occurrence of mental fatigue symptoms when perceiving social support [46] .
In this study, the accuracy and benefits of the exchanged information have not been analyzed. However, the potential risks of inaccurate information and unhealthy behavior are substantial. Noticeably, providing the informational support by most frequent publishers, was highly appreciated and received a high number of likes. Based on previous research, people with cognitive problems may have a tendency to judge information based on being familiar with the source rather than the trustworthiness of it [47] . Therefore, the probability of trusting information provided by active members might be higher than by other information sources. As shown in Fig 9, the A, B and C nodes were in contact with a big portion of the members and nearly covered the whole network. Given the trustworthiness of these members, a suggestion for the healthcare system and patient organizations would be to identify the active users through a social network analysis and voluntarily provide them with basic training to Facebook as communication support for persons with potential mild acquired cognitive impairment moderate or monitor the group in a way that other members benefit from the knowledge of the effects of brain injury. This idea has to be further explored with clinicians to see the burdens regarding choosing a patient ambassador.
Limitations
A major concern was to establish the representability of this Facebook group compared to the clinical population. Generally, recognizing mild cognitive impairment is problematic even in elderly populations. Therefore, the manifestation of cognitive impairment is relatively unknown for individuals who are suffering from it and also for healthcare professionals [48, 49] . After discussing this issue with MACI rehabilitation professionals' and medical experts, it seemed that for this type of studies, it is not feasible to achieve a higher level of evidence concerning pathology of the participants in this group. It would be applicable to find the target group in laboratory science but not in the real world. Therefore, this new research area and the methodology should be investigated more. In addition, further studies are needed to replicate this study's results with persons with similar and different chronic conditions in other Facebook groups to show any disease specific behavior. One of the main limitations of this study was that the data collection platform Facebook does not provide any information about all potential members of the group and their activities (rather than likes, comment and All comments
The numbers indicate the proportion of posts/received likes per codes. The "Others" code is a summation of "Other" categories in addition to the "Network support" and "Tangible assistance" categories from SSBC by Cutrona and Suhr [33] . The "Socializing related" code is sum of "Banter", "Socializing" and "Non-verbal cues" from others categories with no seeking and providing division (Tables 1, 2 and 3) .
https://doi.org/10.1371/journal.pone.0191878.t008
posts), and that the directions of the information (social support) flows were not included. Moreover, the reliability of the results could be biased since this study did not provide any information about the cognitive failure levels of individuals behind the Facebook profiles and their health in general. There are two possible sources of systematic error in the study: 1) the inclusion of members with cognitive problems due to other than somatic disease and 2) inclusion of non-serious members. However, based on the content analysis, the group administrators excluded supposedly non-serious individuals from the group based on other members questioning their behavior. It must be emphasized that this study was performed on a Facebook group for Swedish speaking persons with brain fatigue and cultural influences might have affected the interaction between the group members. Based on participants' contribution to the Facebook group and support seeking categories, they had common symptoms with persons with MACI but clinical data is missing [3] . Further studies with more controlled variables would probably provide more reliable results for this specific group.
In this study the intention was to investigate different actors' behavior in such a community and the majority of the participants had low degree centrality but due to practical and technical reasons, the focus was on participants with the highest degree centrality on individual levels and the behaviors of participants with low degree centrality was not examined. It would be interesting to explore and visualize all members' activities in terms of themes and content of contributions to the group. The numbers indicate made/received comments without considering self-loops per codes. The "Others" code is a summation of "Other" categories in addition to the "Network support" and "Tangible assistance" categories from SSBC by Cutrona and Suhr [33] . The "Socializing related" code is sum of "Banter", "Socializing" and "Non-verbal cues" from others categories with no seeking and providing division (Tables 1, 2 and 3) .
https://doi.org/10.1371/journal.pone.0191878.t009
Conclusion
The aim of this study was to explore the behavior in social media for persons with potential MACI. The results of the content and social network analysis of a public Facebook group addressed the lack of knowledge about the potential use of social media as a means for communication for persons with acquired brain injury and potential MACI.
The results showed different patterns in themes and activities of different individual members compared to the whole group. The most used communication feature of Facebook was likes in form of "thumbs-up" and the most common themes of the members' contribution in this group were characterized by informational support and socializing. The results of this study showed that the communication behaviors of persons with potential MACI could be similar to the healthy population. However, further studies considering also the cognitive failure levels of individuals would provide more reliable results for this specific group.
